The in vitro grown axillary micro shoots of Rauvolfia vomitoria were encapsulated in alginate beads. Following 6 months of normal storage at 25 ± 2ºC the regrowth of encapsulated micro shoots, reached 95.2% within 40 days of incubation on MS medium containing 1.0 mg/L BAP and 0.1 mg/L NAA. Among the responding encapsulated explants 69.6% showed emergence of multiple shoots. The developing shoots showed rhizogenesis in two weeks following their transfer to rooting medium. Healthy plants were established in a glass house with 95% survival. Of the 50 RAPD primers tested, 10 produced 23 clear and reproducible amplicons, with an average of 2.3 bands per primer. Eleven ISSR primers produced a total of 42 bands, with a size range of 0.1-1.9 kb. The number of scorable bands for each primer varied from 2 to 6, with an average of 3.81. The similarity matrix, calculated individually from the results obtained from ISSR and RAPD analysis, showed similarity coefficients ranging from 1.0 for RAPD and 0.85 to 1.0 for ISSR.
Rauvolfia vomitoria Afzelius, a tree species native to the African continent, is found in wet Guineo-Congolian forests in association with the palms, Trema and Combretum. The medicinal properties of R. vomitoria are attributed to compounds that are predominantly present in the underground parts of the plant [1] . Roots, the natural source of reserpine, are used in the treatment of hypertension, high blood pressure and illness related to the central nervous system. Besides reports showing sedative, aphrodisiac and antispasmodic properties of the roots, a US patent also exists for antidiabetic properties of R. vomitoria root extract [2] . The plant belongs to the endangered category due to unsystematic collection for medicinal uses, as well as the growth of other invasive plant species. In spite of the extensive exploitation of R. vomitoria for the extraction of pharmaceutically active compounds, the biodiversity and conservation aspect of this species have not been passably noticed, and no conventional or unconventional attempt has been made for multiplication and conservation of this important species. Recognizing the loss of the natural germ resource due to hasty and reckless exploitation, biotechnology based conservation and multiplication of R. vomitoria germplasm has drawn the attention of this current research.
Synthetic seed technology or alginate encapsulation of explants (embryogenic / non-embryogenic) is a well established practice and has been employed in conjunction with micropropagation to establish in vitro gene banks of various pharmaceutically important species [3] [4] [5] [6] [7] [8] [9] . The efficiency of using alginate encapsulated propagules lies in their small size and relative ease of handling and transportation. Besides, increased productive potential and ease of long or short term storage gives additional significance. The main idea behind utilizing synthetic seed technology in the present study is that the technique is endowed with the shared advantages of clonal multiplication and germplasm storage and conservation.
However, in response to normal / cryogenic storage, the occurrence of somaclonal variation as a possible snag necessitates assurance about genetic stability of the upcoming progeny plants. This has drawn attention to PCR based techniques to assess the molecular conformity of plants obtained from encapsulated explants. Though there are many reports available on utilization of synthetic seed technology for mass micro multiplication, along with short and long term storage, only a few recent studies are available on confirmation of the genetic integrity of syn-seed derived plantlets [11] [12] [13] [14] . This paper reports, for the first time, that alginate encapsulation provides a secure and stable in vitro clonal repository for the germplasm of R. vomitoria to ensure multiplication, conservation and year round supply of genetically uniform quality plant material. Besides, the genetic integrity of re-grown plants was assessed by RAPD and ISSR based markers.
Synthetic seeds of R. vomitoria stored under moist conditions and at 25 ± 2ºC for 6 months showed re-growth within 10 days upon transferring to solidified MS medium supplemented with 0.1 mg/L NAA and 1.0 mg/L BAP ( Fig.1a-b ). Encapsulated explants exhibited 95.3% re growth frequency in terms of both single and multiple shoots during a 40 day culture period (Table 1 ). This result was in concurrence with previous studies of Cineraria maritima and Glycyrrhiza glabra, where alginate encapsulated micro shoots showed about 82% and 98% re-growth after six months of storage at room temperature and under moist conditions [14] [15] . Among the responding encapsulated micro shoots 69.6% showed emergence of multiple shoots while only 30.4% explants exhibited the formation of a single shoot after 40 days of culture ( Figure 1b ). No major difference in shoot regeneration frequency was observed in cultures incubated for 20 or 40 days. Multiple shoots from encapsulated single nodal explants may develop due to the formation of more than one lateral primordium from actively dividing meristematic cells after obtaining the desired nutrition from the MS alginate complex of the bead. This is desirable, especially when the intention is not only to preserve the plant material, but also to mass multiply it after storage. Emergence of multiple shoots with increased number of nodes from alginate encapsulated axillary micro cutting after storage could serve as the best option for an integrated conservation procedure. The results also substantiate earlier reports in which alginateencapsulated shoot tips of Spilanthe sacmella and Eclipta alba showed noteworthy re-growth potential, with multiple shoots after 60 days storage at 4ºC [16, 17] . The present findings also corroborate a previous report of encapsulation of shoot tips of R. serpentina and their regeneration followed by storage at 4 ºC for up to 14 weeks [18] . Reports of encapsulation, cryopreservation and germination of micro shoots of some shrubs [19, 20] , medicinal herbs [8, 21] , and trees [22] [23] [24] also validate the present results.
However, in the current study, encapsulated beads stored under sterile moist conditions at 25 ± 2ºC reduced the overall cost of this protocol and made it easy to handle. This kind of simple low cost method would be especially useful when developing a low temperature or cryostorage method that requires species-based complex protocols and when the test plant is perennial and woody for which in vitro multiplication and rooting is difficult.
The developing shoots showed rhizogenesis in two weeks following their transfer to rooting medium (half strength MS containing 2% sucrose and 1.0 mg/L NAA; Fig 1c-e ). Approximately 95% plant survival was observed during acclimatization of syn-seed derived plants of R. vomitoria, which again correlates with previous reports [13, 15] (Figure 1f ). It is relevant to mention that, in the present work, axillary micro cuttings were taken as explants as, of the various methods for plant micropropagation and conservation, these are described as being particularly useful due to their simplicity and the relatively high propagation rates. Furthermore, axillary meristem culture is normally believed to have a low risk of genetic precariousness due to the existence of organized meristems, which are less sensitive to genetic variations that might occur during cell division or differentiation under in vitro conditions. Moreover, the utilization of stem micro cuttings obtained from aseptically Table 2) , out of which 95.7% were monomorphic in nature, whereas only 4.3 were polymorphic obtained from primer OPT 17. A low degree of occurrence of polymorphic bands indicated a higher similarity scale amongst the sampled plants. An average of 2.3 fragments per primer was amplified with 10 RAPD primers, which were in a size range of 0.1-1.9 kb. On the other hand, after an initial screening of 13 ISSR primers, eleven primers amplified and produced a total of 42 amplification bands, out of which 39 monomorphic bands were obtained revealing 92.8% similarities among the tested plants.
The number of scorable bands for each primer varied from 2 (UBC 848, 843 and 807) to 6 (UBC 844), with an average of 3.81 bands per primer. The number of bands per primer was greater in ISSR (3.81) than RAPD (2.3) ( Table 3 ).The possible reason for this difference could be the high melting temperature for ISSR primers, which allows much more rigorous annealing conditions and, consequently, more precise and repeatable amplification. Moreover, the ISSRs are widely distributed throughout the genome and make amplification of genomic DNA possible in much larger numbers of fragments per primer.
Research reports are available which pragmatically support that ISSR fingerprints sense more polymorphic loci in comparison with RAPD fingerprinting [14, 25, 26] . A monomorphic pattern was observed in the overall banding profile obtained from RAPD and ISSR. The similarity matrix calculated individually from the results obtained from ISSR and RAPD analysis showed similarity coefficients of 1.0 for RAPD and 0.85 to 1.0 for ISSR. This strongly indicated a similar genetic stature among sampled and source plants and revealed that the plants derived from the alginate encapsulated micro shoots stored for six months under moist conditions were not affected during storage.
The result is in agreement with recent studies where RAPD based markers revealed a higher similarity scale in syn-seed derived plants after moist storage [9] [10] [11] [12] . However, in the present study, two PCRbased techniques, RAPD and ISSR, were chosen because of their simplicity and cost-effectiveness. Having the ability to amplify different regions of the genome, both ISSR and RAPD markers allow better analysis of genetic affinity/diversity among the samples. Besides the advantage of higher reproducibility and relatively low cost, the higher amplification efficiency of ISSRs makes the genetic inferences much clearer at inter and even intra specific levels.
This paper also signifies the use of ISSR markers for the first time for genetic profiling in Rauvolfia species. In a recent report, the clonal fidelity assessment of synthetic seed derived plants of Glycyrrhiza glabra was also assessed by the use of two types of DNA markers [14] . ISSRs and RAPD assisted assessment of genetic similarity was also reported in the long term forin vitro maintained shoot cultures of Gerbera jamesonii [26] , Vanilla planifolia [27] and banana [28] .
In conclusion, the reported protocol involving axillary micro shoots of R. vomitoria for alginate encapsulation proves to be a simple, cost effective method for standard storage and further recovery of genetically stable and high quality plants. In addition, it ensures year round supply of genetically uniform germplasm for commercial cultivation without any climatic and geographical limitation.
Experimental
Plant material: Nodal segments of Rauvolfia vomitoria Afzelius (field book number 7202 as per CIMAP herbarium) obtained from a 10 year old tree growing in CIMAP farm (26.5° N latitude, 80.5° E longitude and 120 M altitude) at Lucknow, Uttar Pradesh, (India) were used as explants to initiate and establish the aseptic cultures according to the protocol described earlier for R. serpentina [29] . For encapsulation purposes, 3-5 mm micro cuttings were used having apical or axillary buds dissected from 2 month old in vitro shoot cultures maintained on MS medium containing 1.0 mg/L BAP and 0.1 mg/L NAA.
Encapsulation and storage of axillary/apical micro cuttings:
Encapsulation of micro cuttings having apical or axillary buds was performed by using 4% sodium alginate in MS medium as gelling mixture and 100mM CaCl 2 as solution for ion exchange, autoclaved at 120ºC for 18 min under 15 lb pressure. Micro shoots of R. vomitoria were suspended in the gelling mixture and drop wise dispensed to ion exchange solution under continuous shaking with a magnetic stirrer. The resultant beads were allowed to remain in CaCl 2 for 20-30 min for ion exchange and the formation of the Caalginate complex. Beads were then thoroughly washed with pre sterilized distilled water and immediately kept for storage in sterile Petridishes (10 beads / Petridishes) under moist conditions maintained by placing sterile filter paper lining soaked with sterile distilled water at 25 ± 2ºC. To maintain moist conditions, the filter paper lining was frequently (20 d interval) sprayed with sterile distilled water. Data on re-growth (single or multiple shoot) response of the stored encapsulated explants was recorded after 20
and 40 d of incubation on solidified MS medium supplemented with 0.1 mg/L NAA and 1.0 mg/L BAP. Developing shoots were further transferred to half strength MS medium containing 2% sucrose and 1.0 mg/L NAA for rhizogenesis. The experiment was repeated thrice with 10 Petridishes each time.
Hardening of regenerated plants:
Synthetic seed derived plantlets were transplanted to earthen pots containing a mixture of sand: soil: FYM in the ratio of 1:2:1. Initially the plants were covered with transparent polythene to maintain humidity (80-90%). Covers were temporarily withdrawn for 2 to 3 h every day after the second week for further acclimatization, and were completely withdrawn after the fourth week. Then these plants were kept in a green house for 1 month to check the survival rate. . The initial denaturation of DNA was at 94ºC for 5 min, followed by 1 min denaturation at 94ºC, 1 min annealing at 35ºC, and 2 min extension at 72ºC. The reaction continued for 35 cycles, followed by a final extension of 3 min at 72ºC.
Assessment of genetic stature of in vitro regenerated plantlets:
Similar amplification conditions were maintained for ISSR primers, except that the annealing temperature was 52ºC. PCR products were loaded with 5 µL of bromophenol blue, and separated on a 1.2% agarose gel slab (Hi-Media, India) in 1.0% TAE buffer (40 mMTris acetate, pH 8.2; 1 mM EDTA) using a Minipack-250 electrophoresis system (GeNeiTM,) at 50 V for 3 h. A 1 kb λ DNA marker, double-digested with EcoRI and HindIII was used as a molecular standard. Gels were documented using an Image Master VDS, Thermal Imaging System, FTI-500 (Amersham Pharmacia Biotech., USA).
Statistical analysis data scoring:
The data obtained on re-growth frequencies of encapsulated micro shoots from repeated experiments were analyzed using the statistical analysis tool box MAT LAB 7.7 version through mean, standard error and one way ANOVA. The significance of results was checked for p< 0.05. The RAPD profiles were analyzed by recording the presence and absence of bands in sampled plants. Similarity indices were generated using Nei and Li's coefficient [30] . The average similarity matrix was used to generate a tree for cluster analysis by UPGMA (Unweighted Pair Group Method with Arithmetic average) using the NTSYS 2.0j software package.
